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GRAPHICMETHODFORCALCULATINGTHESPEEDAND

CLIMBINGABILITYOF AIRPLANES.* ‘

BY AdolfRohrbachandEdwinLupberger.‘ .’

me simplestknownmethodsforcalculatingairplaneperforn-.

antesarethoseof Everling(Zeitschriftf~rF1.ugtechnikundMoQtox---.—
luftschiffahrt,1916,p.125),andKann(TechnischeEerlcLte,VO1.1,——
IJm,6,p9g5231).Fhthmethodshavethisfeatu~ein common,that

theyexpresstheparticularquantitywhichistobe determined.

. (timeof climb,speed,etc.)by a single”fommla.Thusfibyusing

) Everlinglsairplanecalculationtables,we areableto findrelated

values(e.g.glidingcoefficientK = af2*~ceiling,andtotal

weightperHP),by a verysimplegraphicalmethod,Inorderto

obtainaccurateresults,however,theassumptionsuponwhichthese

formulasarebaaedshouldbe ccnstartlybo:lleinmind. Theyassu~e,

forexample,thatcertaindefiniterelationsexistbetweentheen-

gineoutputandtheairdensity.Butwheneveritwasdesiredto

utilizetheresultsofbraketestson airplaneenginescarried _

outin thelow-pressurechamberof theZeppelinairshipwozksat ,

Friedrichshafen(TechnischeBerichte,VOl,II~, NO.1, p.1), in or-

derto calculatethetimesof climb,etc.,separate fozmulashad

tobe establishedforeachtypeof engine,forcalcul~iiagthe
J

flightperformancesof theaizplane.——
*FromTechnischeBeriohte,Volume111,N0.6,pp.218.+!21.(1918)-
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is,therefore,givenhere,by meansof which,

actualpowerdevelopedby theengine,it ispos-

sibletodetermineallthefac’~orswhichtogetherconstitutewhat

areknownas theflightperformances(suchashorizontalspeed,

climbingspeedat variousanglesof attackandat differentalti-

tudes,theceiling,etc.)foranycombinationof engineandair-

plane,fromthesingiegraphicdiagramgiv&nherewith.Thismeth-

od is

ische

which

a developmentof theonegivenby Prof.A. Baumara(Me~hari-

CXcundlagendesFlugzeugbaues,VOI.1,p.145),accordingto

thetiag,thepropellerthTUstandspeedof an airplaneare

considereddependenton theangleof attack.
. We shallfirstdescribethecalculationsnecessaryfordeter-

, miningflightperfo~mancesof biplanesfittedwiththesupezcom-

pressedJ!kybachenginetypeMbIVa. In thefirstplace,it isnec-

essaryto kncmthecurveofpolarcharacteristicsfortheentire

airolane,whichcanbe determinedbestby experimentswithmodels,

thoughitmayalsobe obtainedby calculationon thebasisof ex-

tensivepublisheddata( TechnischeBerichte,Vol.I, 1$o.4,pp.85,

98 and103;No.5,p.148;No.6,pp.204et.‘seq.).Thispolarcurve

is thenplottedin thetopTight-handsquare,at 3° intervalsOf

theangleof attack,forwhichpurposethescaleof dragcoeffici-

ents Cw is givenverticallyon theright,andthatof thelift#
coefficientsCa underneathtowardtheleft.

Thebiplanein theexampleselectedis assumedtohavea wing
.

loadingof ~0 kg/sq.m.Theairspeedrequiredtomaintainhorizon-
. talflightat an altitudeof 3000meterswhenflyingat an angleof
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attackof 1.5°is foundin thefollowingmanner:Fromthepointon

thepolarcurvecorrespondingto an angleof attackof 1.5°,a

“transferJ*lineisdrawnverticallydownwar~,in thedirectionin-

dicatedby thearrow,tillit cutsthecurveof wingloadingmarked

40 kg/sq.m.Fromthisnointof intersection,it is carriedhori-

zontallytowardtheleftto thelinecorreswndingto an altitude

of 3000meters.At thepointwhereit cutsthe3000-meterline,a

verticalisdrawnupwardWhichcutsthehorizontalaxisshowingthe

requiredairspeedof flight,- thepointof intersectiongivingthe

speedof 165ti/llr.The setof curvesforthewingloadingis ob-

tainedby solvingtheequation
.

& ~ ~v2

, F 200 g

forconsecutivevaluesof A/F (e.g., 30 kg/@.~.,etc.]

terminingtherelatedvaluesof Ca and

plottingtheascertainedspeedsv (toa

ly downward,commencingat thehorizontal

ceduretherelationsarechosenin sucha

the speedin km/hrandthevaluesof ca

Yv, when — =g

andforde-
~
8 andby

suitablescale)vertical-

axisOf Ca. Inthispro-

mannezthatwe canread

alongthehorizontalaxis,

on thesamescale.Thestraightlinesrepresentingthealtitudes

of flightareso inclinedthateachof them,in conjunctionwiththe

correspondinghorizontalpartof thelineswhichmaybe drawnto

connectthevariousquantities(thelineof transference),gives

thespeedinhorizontalflightcorrespondingto theairdensityfor
.

theparticularaltitude,
.

Fortheairplanetomaintainhorizontalflight,it isnecessary
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touse thepower

L =A ~ v Isgm/sec.
Ca

‘lhi.sgivesus

Ifwe thenextendtheverticaltransferlineabovethe ca axis

soas to intersectthe ~_
c= line(inourexample~= 8 kg/H2},

on whichthestartingpoint(here1.5)of thepolarcurvelies,

thentheordinate,measuredfromthe Ca axis,givesthepowerre--

quiredforsustentationinHP/kg. If thesevaluesaredetermined

forseveralanglesof attackandforvariousaltitudes(intheex-

ample: O,2000,3000and4000meters),then,by joiningthepaints

thusobtainedfor eachaltitude,a curveis

therelationbetweentheHP/kgrequiredfor

flightspeed.

Inadditionto thecomparisonwiththe

obtainedwhichgives

sustentationandthe

requiredpowerMr sus-

tentation,theavailablepropelleroutputinHP/kgis likewise

plottedagainstthe speedof flight.Forthispurpose,thepropel-

lerefficiencyq, isplottedin themiddlediagramon theleft-

handside,againstthespeedof flight.Ifno experimentaldata

areavailable,a maximumvaluefortheefficiencycanbe assumed;

whilewe maY, firstof all,determinethetheoreticalefficiency,

on thebasisof theoutflowtheoryaccordingto theprobablespeed,

andtheloadon thediscareaof thepropeller
. left-handbottomfigure)AboutI-2to 15%MUSt

in HP/’sq.m(inthe

be deductedfromthe
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result.T&.continuationof theefficiencycurveisassumedtohave

a parabolicform,suchth”atwhenthe

is alsozero.

withthesamescaleas thatfor

of theengineB.Hpon thegroundand

fora numberof differentaltitudes.

speedis zezotheefficiency

Nhtheefficiency,thezatio ~,

at an altitudeh, isplotted

In thecaseunderconsidera-
tion,thevaluesof theratiosforthe”260HP Daimlerengine(DIVa)

areplottedo,ntheleft-handsideandthoseforthe240HP Maybach

engine(MbIVa)on theright-hand,andeachconnectedby radiating

lineswithsomeconvenientpointon theaxisof theabscissas.If

., a horizontallineisdrawnfromanypointon theefficiencycurve

(e.g.,from v = 140km/hr)to thecurve,foraltitudeof O m. ofJ
theMaybach.engineand,fromthepointof intersection,a vertical

is droppedto thecurveforan altitudeof 3090m., thentheordi-
NJ&-nateof thepointwheretheverticalcutsthiscurveis q =

, No “
for3000m. altitude,as canbe easilyseenby compa~ison.Thisval-
ue mustnowbe multipliedby 75~ inordertoobtaintheoutput
in HP/kgandcompareitwiththepowerrequiredforsustentation.

Forthispur~se,we canconstructa secondscaledividedintounits

of ?5~, draw&nothersetof radiatinglinesfromanyconvenient

pointon theaxisof theabscissasandthenproceedasbefore. If

thedistnceof theoriginof theradiatinglinesfromthevertical
t &On which No areplottedwrrespo~s

● thescaleof.speedson the Ca axis,

. ~
A ?5+ ~
‘- 75 =Av A

to 270W/hr = 75m/see,~frim

thenby analogy:

f



.
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Sincefurther
L%
A

‘= Cav
then

~=~

A Ca

Thesetof radiatinglinesforvaluesof !$ is,therefore,
~identicalwiththatfor ca~ whichcanlikewisebe usedforthe

operationsinvolvedinthewltiplicationof T*
&rby ~ 70, af+

aT
terinscribingon theradiatinglinesthereciprocal.valuesof ?“
Thisconditionhasbeen@lfilledinthediagram.
N
*

Thevaluesof

areplottedon a verticalaxis,thedistanceOf whichfromtheo
. % linescooriginof theradiatingCw rrespondsto a speedof

270lan/hr.Theoutputisdeterminedby proceedinghorizontallyfrom.

thepointalreadyfoundon thelineof 3000m. altitude,tillit

intersectsthedotted~ Curieon thelargerdiagramcorresPond!9_g

to No, andthenceverticallytillitmeetsthedashradialline

of ~
Cw’ whichcorrespondsto thepowerloadingof theairplane

(intheexample& kg/HP).Theordinateat thepointof intersec-._

tionmeasured

thepropeller

forthepower

linedrawnto

fromthe ca axis,givesthepowertransmittedby

to theairplane,inHP/kgon thesamescaleas that

requiredforsustentation.Throu@ a horizontal

theleft,we mayconnecttheseoutputsto theordi-

nateof theflightspeed(intheexample,140km/hr),whichis tine .

speedon theparaboliccurveof propellerefficiencyfromwhichwe
.

started.In thisway,wemayalso drawthe curves of propeller
. .

outputat allaltitudesforwhichthecurvesgivingthepowerre-
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quiredforsustentationhavebeenobtained.

Theverticaldistancebetweenthecurvesforthepropeller

Outputat variousaltitudesandthepowerrequiredforsustentation

at thesamealtitude,correspondsto ~
J!

andis,therefore,pro-

portionalto theclimbingspeedof theairplanewhenflyingat the

speeddeterminedby thepositionof theordinatealongtheabscis-

sas. Thescalefortheclimbingspeedison theleft-handsideof

thediagram.Thegreatestverticalintervalbetweencorresponding

curvesforthe~ptbpelleroutputandthepowerrequiredforSusten- .

tation,givesthepositionof themaximmnclimbingspeed. The

timesof climbareobtainedby ~aphicintegration,afterplotting
.

theclimbingspeedagainstthealtitudeof flight.Tiiepointsof
, intersectionof thecorrespondingcurves,givingthepropellerout-

putandthepowerrequiredforsustentation,representthepoints

of maximumandmininmmflyingspeeds.Thelatteris of no practi-

calimportance.Theceiling.is givenbytheassociatedcurvesof

propelleroutputandpowerrequiredforsustentationwhichjust

toucheachother(intheexampleat 4000m-). Theangleof attack

foreachpositionof flightis givenby thedirectrelationbetween

thepolarcurvesandthecurvesof powerrequiredforsustentation.

In thiscalculationof climbingspeed,it istacitlyasm.med

thattheliftalwaysremainsequalto theweightof theairplane.”1

I
Since,in climbing,A = G cosa- mustbe takenintoconsideration,1

1-
where a is theanglebetweentheflightpathandthehorizontal,

\
L. an errorcreepsintothespeedwhich,however,evenwith airplanes

I havinga largereserveof powerandneartheground,neverexceeds
#
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2%; so t’hatthetotaltimeof climbish“ardlyaffected.

Theresultsof thisgraphiccalculationagreewellwithactual._

performances.Smallvariationsareunavoidable,sincethemethod

describedisbasedon an average atmospheric pressure variationcor-

respondingto

Theminimumpowerrequiredforsustentatio~is attainedat

eachaltitudewith

following:

On eliminatingv,

Witha given

forsustentation

thesameangleof attack,as canbe seenfromthe

we get

altitudeandairplane,theminimumpowerrequired
~’ ‘2

L, attainsitsminimumvaluewhen 5: ‘r ~’
hastheanallestvalue. It mightbe supposedthatthiswouldalso

be theangleof attackat theceiling,butthisisnotthecase.

If thepowerrequiredforsustentationandtheengineoutputareas-

sumedtobe equal,theequationtakesthefollowingform:

g .&_ (-v2f3-1
~ F No) ?’O(75)2‘f’(H) ‘2(H)’= ‘(H)

‘!inwhich f (H)= ~ expressesthedecreasein.airdensitywith

altitudeand fl(H)O=‘&, thedecreasein engineoutputwithalti-
n
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tude, f(H) decreases

ceilingis,therefore,

tionsin f(H), when
2

~) isa mininnzm,

-9-,

centinuously

.-

withincreasingaltitude.The

reachedquiteint’.ependentlyof thevaria-
~2

~- (ortheproportionalexpression ....

q and ca beingrelatedto eachother

throughV. At theceiling;therefore,theairplaneflieswithan

angleof attackwhichneednotalwayscorrespondto theminimum
~2

valueof +?~.
c~

Thisisalsoclearlyseen,if theceilingis foundby the

graphicmethod.Thecurvesof propelleroutputandof thepower _

requiredforsustentationtouchat a pointwhichonlycoincides

d withtheminimumvalueof thepowerrequiredfor.wstentation,

whenthehighestpropellerefficiencyis attainedat theceiling4
speed.

Translatedby
NationalAdvisoryCommittee
forAeronautics.
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